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Abstract 

Purpose In LCA, the intrinsic dependence of productions to 
human labour (HL) activities is usually neglected, without 
providing any clear arguments. HL is not considered to be 
related to and affected by, changes to the functional unit, 
although this is evidently not the case. This research aims at 
investigating the relationship between HL and LCA and at 
developing an operational framework to assess the life cycle 
environmental impact of HL in LCA. 

Materials and methods System boundaries and functional 
unit (euro/working-hour) of HL were defined. Statistical 
datasets of household expenditures (HEs) allowed differen¬ 
tiating among human consumption behaviours and the def¬ 
inition of three HL types, based on different work skills: 
HL-1 (qualified worker), HL-2 (technician), and HL-3 
(manual worker). The HEs framework of Luxembourg was 
used because of data availability and was then extended to 
other EU-27 countries. A comparative LCIA of the HLs 
types was carried out using an environmentally extended 
input-output model (EU-27). Afterwards, ten agri-food and 
industrial LCAs case studies were modified for hybrid 
LCAs, adding HL input to LCIs and using the ReCiPe 
midpoint method for LCIA. 

Results and discussion The LCIA comparison of HLs shows 
that HL-1 generates environmental impacts that are always 
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greater than HL-2 and HL-3, e.g. 1 h of HL-1, which involves 
workers with the highest consumption of goods and services, 
does generate 0.52 kg C0 2 -eq, whereas HL-2 and HL-3 
generate 0.46 and 0.41 kg C0 2 -eq, respectively. The impact 
of average HL is higher in EU countries with the highest HEs 
budgets, e.g. the average HL impact in Luxembourg is 28% to 
79% higher than the corresponding HL impact in other EU-27 
countries. Within the case studies, the HL significantly con¬ 
tributes to the total impact for several categories (e.g. fossil 
and ozone depletion up to 16% and 20%, respectively). De¬ 
spite these important results, some limitations due to data and 
models used are investigated to suggest further methodologi¬ 
cal improvements. 

Conclusions The integration of HL inputs to product LCIs 
can improve accuracy of the entire life cycle analysis, since no 
product would exist without direct and/or indirect HL. This 
leads considering humans at the same level of technological/ 
economic activities that cause environmental damage, with 
humans being perceived as leading actors and explicitly re¬ 
sponsible for the impacts. What remains an open question is 
how to account for non-physical information, such as knowl¬ 
edge/education/culture, which distinguish humans from ma¬ 
chinery and are essential items for our future sustainable 
development. 

Keywords Environmentally Extended Input-Output Table 
(EEIOT) • Household consumption • Human labour • Hybrid 
LCA • Input-output LCA • Process-LCA • Purchased power 
standard (PPS) • Working hour 

1 Introduction 

Many ecosystems are dominated directly by humanity, and 
no ecosystem on the Earth’s surface is free of pervasive 
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human influences (Vitousek et al. 1997). Humans are respon¬ 
sible for climate change, for the depletion of natural resources, 
biodiversity and the ozone layer, as well as for damage to 
human health and ecosystems. Despite this evidence, the 
contribution of human activities and in particular of human 
labour (HL) is not usually included in the environmental 
assessment of products and processes. Therefore, the question 
is: how could the contribution of HL to the environmental 
assessment of products be evaluated? 

Life Cycle Assessment (LCA) holds a utilitarian and an¬ 
thropocentric perspective. The basic assumption is that only 
activities which are related to and affected by changes of the 
functional unit are included in the Life Cycle Inventory (LCI) 
and finally in the Life Cycle Impact Assessment (LCIA). 
Historically this assumption led to the inclusion in LCI of 
only those activities which are directly or indirectly linked to 
the functional unit by exchanges of commodities, i.e. co¬ 
products and raw materials. However, during the last decade, 
the boundaries of LCI have progressively been enlarged to 
include activities which are linked to the functional unit by 
market driven mechanisms (Suh and Huppes 2002; Weidema 
2006). If the inclusion of market driven activities is straight¬ 
forward in a consequential LCI approach, it is generally not 
addressed in attributional LCIs. This is probably why the 
contribution of human labour is normally not included in 
LCIA (Spirinckx and Ceuterick 1996; Mila et al. 1998; Nebel 
et al. 2006). Nevertheless, from our point of view, this is an 
inconsistency, since human activities and specifically HL, 
fully support the operation of products life cycles and are, in 
turn, affected by changes of the functional unit. If a direct link 
between the use of resources and production systems does 
exist, as it is normally modeled in LCIs, production systems 
are also connected to and sustained by human life, which in 
turn consumes resources and releases emissions for its well¬ 
being. An intrinsic relation among biosphere, technosphere, 
and human life cycle exists and is tied together by the exchange 
of material and energy flows. Therefore, taking into account 
HL in attributional LCI (and in the related LCIA) leads to the 
further question: to what extend does human activity and in 
particular human labour, actually contribute to the overall 
environmental impact of a product? 

This work aims at proposing a methodological framework 
to evaluate the contribution of human labour to the LCA. This 
paper does not deal with the evaluation of human labour in 
Social Life Cycle Assessment (SLCA), e.g. impact categories 
representing the labour rights (Dreyer et al. 2010; Jorgensen 
et al. 2010). SLCA is of great significance when looking at the 
global performance of a product and at its consequences for 
human well-being, but has a different scope and meaning 
when compared to a conventional Environmental LCA. Also, 
the aim was not to develop a framework to account for HL in 
LCI. We propose instead a methodology that can be used in 
LCA to assess the human labour supporting the life cycle of a 


product or process. Comprehensive studies evaluating the 
impact of the “lifecycle of human life and labour” have not 
been found in the literature. A few publications are available 
but these evaluate only portions of the complete life cycle (e.g. 
food supply, human activity wastes; Munoz et al. 2008,2010). 
Recently, a sensitivity analysis performed on fuel ethanol 
production chains, showed that the inclusion of HL, calculated 
with energy intensity factors (Nguyen et al. 2007) does not 
significantly affect the LCA results (Nguyen and Gheewala 
2008a,b; Silalertruksa and Gheewala 2009). However, the 
authors highlight the need to develop a consistent method to 
account for HL in LCA. 

Outside of LCA, other methods (such as energy-based 
analyses, extended exergy analysis) have explicitly tackled 
the evaluation of HL, mostly based on energetic assessments 
of metabolic consumption (Giampietro and Pimentel 1990; 
Fluck 1992; Giampietro 1997; Sciubba and Ulgiati 2005; 
Sciubba et al. 2008; Giampietro et al. 2006). Several authors 
highlighted the need to compare the HL environmental impact 
to those of machinery and investigated, by replacing machin¬ 
ery with labour, how sustainable manufacturing could be sup¬ 
ported (Fluck 1981; Pimentel 1993; Bender 2003; Krausmann 
2004; Zhang and Domfeld 2007; Guzman and Alonso 2008). 
To this end, the energy embodied and/or consumed in HL has 
been evaluated, in particular for organic agricultural produc¬ 
tion, since in most cases, this requires higher labour inputs than 
for conventional agriculture (Sorrells and Pimentel 1981; 
Loake 2001; Guzman and Alonso 2008). When assessing the 
sustainability of society’s metabolism, attention has been paid 
to the incorporation of energy from food intake necessary for 
HL (Haberl 2001a, b). This incorporation was observed to be 
of negligible impact to the global energy balance of modem 
societies, when compared to machine power or other technical 
device energies (Haberl et al. 2006; Krausmann and Haberl 
2002). The eMergy evaluation method (Odum 1988; Odum 
1996) considers accounting for HL an integral part of the 
human-dominated systems analysis. In eMergy, the HL is 
usually quantified by multiplying its cost by the average 
eMergy to money ratio of an economy (i.e. ratio of eMergy 
of a country or a region to its GDP), or by dividing the annual 
amount of country/region eMergy by the number of people in 
the country/region, multiplied by their metabolic energy re¬ 
quirement (Campbell 1998; Pulselli 2010). However, an in¬ 
tense debate is ongoing within the emergy community whether 
to calculate the eMergy of people and labour on the base of 
educational attainment or by considering people at 
the same level, estimating the eMergy behind any expenditure 
for services purchased by humans (Abel 2010, Brown and 
Herendeen 1996, Odum 1988). Moreover, the eMergy proce¬ 
dure suffers from lack of completeness and accuracy of the 
background inventory (Hau and Bakshi 2004; Ingwersen 
2010), which make roughly approximated the calculation for 
human labour. 
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Much data concerning human activity is available in statis¬ 
tical and economic databases. However, information contained 
in these national and international sources is mainly used to 
derive social and economic impact indicators (e.g. classifica¬ 
tion of expenditures for human consumption sectors to calcu¬ 
late poverty indicators among different classes within nations; 
Eurostat 2008a) and therefore some adjustment is required for 
their use in environmental assessment. In this work, we adopt 
an extended input-output based model to gather environmental 
data and assess both direct and indirect impacts caused by HL. 
Input-output tables with environmental extensions supply 
environmental information on economic activities based on a 
relatively complete system, while requiring little time and 
resources (Suh and Huppes 2002). Using this framework, we 
could perform an IO-LCA hybrid analysis, which is aimed at 
enlarging the evaluation perspective of human contribution in 
LCA. 


2 Outline of the research work 

The assessment of HL contribution in LCA has been struc¬ 
tured into three steps: 

i) The definition of the methodology to account for different 
HL types 

ii) The LCIA and the comparison of the different HL types 

iii) Testing of the overall framework by means of case 
studies 

In step (i), system boundaries and the functional unit of HL 
have been defined, as described in Section 3.1. Three types of 
HLs are placed within the framework of the EU-27 countries, 
by using statistical datasets based on household expenditures 
per economic sector (see Section 3.2). Subsequently, in step 
(ii) a comparative LCIA for the selected HL types was carried 
out (Section 4) using an environmentally extended input- 
output model, covering EU-27 countries, as described in 
Section 3.3. Finally, in step (iii), a number of hybrid LCAs 
are considered where HL has been implemented as a product 
system for LCA models and its contribution assessed within 
ten case studies (Section 5). The LCA calculations were 
performed using SimaPro. For LCIA, the ReCiPe method 
(Goedkoop et al. 2009) was used (Table 1). 

3 Step I: methodological framework 

3.1 System boundary definition and functional 
unit of the human labour’s product system 

Human labour can be considered as part of a broader “human 
life cycle system”, covering the entire lifetime of a person, 
which includes all of that person’s activities and all of the past 


Table 1 Midpoint impact categories used for LCIA of human labour and 
related case studies: Recipe method (Europe H) (Goedkoop et al. 2009) 


Impact category 

Abbreviation 

Unit 

Climate change 

CC 

kg C0 2 -eq 

Ozone depletion 

OD 

kgCFC-11 eq 

Human toxicity 

HT 

kg 1,4-DB eq 

Photochemical oxidant formation 

POF 

kg NMVOC 

Particulate matter formation 

PMF 

kg PM10 eq 

Terrestrial acidification 

TA 

kg S0 2 eq 

Freshwater eutrophication 

FE 

kg P eq 

Marine eutrophication 

ME 

kg N eq 

Terrestrial ecotoxicity 

TET 

kg 1,4-DB eq 

Freshwater ecotoxicity 

FET 

kg 1,4-DB eq 

Marine ecotoxicity 

MET 

kg 1,4-DB eq 

Agricultural land occupation 

ALO 

m 2 -year 

Urban land occupation 

ULO 

m 2 -year 

Metal depletion 

MRD 

kg Fe eq 

Fossil depletion 

FD 

kg oil eq 


and current contributions supporting these activities. We con¬ 
sider human labour to be directly dependent on the economic 
market and therefore linked to a certain number of physical 
processes (e.g. production of goods and services) that support 
it. However, a meaningful portion of processes which support 
HL is inherently outside economic markets, being of a cultural 
(non-physical) nature. For instance, the information and 
knowledge that makes a human being a “system able to per¬ 
form a specific labour” is certainly important, but very difficult 
to evaluate since it is related to less tangible processes that, to 
further complicate things, mainly occurred in the past. In this 
preliminary approach, due to the complexity of the issue, the 
non-physical and non-conventional direct contributions are 
excluded (Fig. 1). For example, we do not make provisions 
for the inclusion of genetic information or educational experi¬ 
ences in the model. 

We recognize that person grow up and during this time 
gains their knowledge within their particular household frame¬ 
work. Indeed, an average household framework can be inter¬ 
preted as the core system for workers to maintain their well¬ 
being living standards. Worker’s expenditures are also neces¬ 
sary for their children education (household members who do 
not work) up to the time they are able to be independent (at the 
beginning of their labour activity). Furthermore, household 
expenditures (HEs) include expenditures incurred on the do¬ 
mestic territory (by residents and non-residents) for the direct 
fulfillment of individual needs and cover the purchase of goods 
and services, which includes the consumption of own produc¬ 
tion (e.g. garden produce) and the rent of owner-occupied 
dwellings (Eurostat 2008a). Therefore, the educational and 
knowledge pool (e.g. culture, past work and travel experien¬ 
ces, communication capabilities) supporting human labour can 
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Fig. 1 System boundaries of 
human labour’s product 
system; past contributions 
are conceptually included 
but explicitly not 
accounted for 



be assumed to be dependent on the inputs (energy and materi¬ 
als) consumed to produce the goods and services required 
during the entire life of the worker within its household frame¬ 
work (see Fig. 1). In order to include the past contributions, the 
current household money invested in the well-being of net¬ 
working members (children and/or teenagers) could be added 
to the current expenditures of working people. This would be a 
first approximation, based on the assumption that working 
members in their past childhood needed similar investments 
into their education and well-being as today’s children and 
teenagers. However, this assumption suffers from a severe 
limitation, because the household consumption behaviours 
and the technologies used to produce goods and services have 
changed over the decades and generations. Because of the lack 
of information to assign past contributions to the present 
human labour, we eventually decided not to account for the 
inputs of knowledge, culture, and expertise. Only processes 
that are directly related to the human living environment have 
been assessed. For example, the goods and services that usu¬ 
ally ensure both primary and non-primary needs to the house¬ 
hold working members (e.g. household purchases of food and 
beverages, heating and electricity, transportation, clothes, wa¬ 
ter for sanitary uses, health care, infrastructures, leisure pur¬ 
poses, cultural activities) have been included in the system 
boundaries. In contrast, all the life cycle processes related to 
services, infrastructures, tools, or other materials that directly 
relate to the working environment of the person and used 
during their labour have been excluded from the calculation 
(e.g. an office building, computers, work related transport, a 
mill, agricultural field, farm, tractor). Indeed, the contribution 
of these production/infrastructure/service processes actually 
belongs to the life cycle of the produced goods or services 
rather than to support HL. The processes included in the HL 
system boundary have been selected among the economic 
sectors producing goods and services annually purchased by 
households for their maintenance (see Section 3.2). 

With regards to the functional unit of the HL’s product 
system, the environmental inputs and outputs occurring during 


the whole year (8,760 h/year) were considered at first. This 
includes not only working hours, but also hours dedicated to 
eat and sleep, for hobbies and so forth, which are necessary to 
sustain human labour. Similarly, week-ends and days off work, 
as well as holiday periods, should be included in the system 
boundaries according to the rationale that all these activities 
enable people to recover and then be able to work again. We 
assumed an average of240 working days per year with 8 work¬ 
ing hours per day, which means that 22% of the overall annual 
time is dedicated to labour (1,920 h/year). 

Therefore, 22% of an average life hour (and related expen¬ 
ditures) is allocated to human labour. In this manner, we were 
able to spread the environmental burdens that occur during 
“not-working” hours of the day (when eating or when travel¬ 
ling to work), but which are of essence for HL. 

3.2 Human labour types 

Relevant literature in the field of sustainable consumption 
acknowledges the evaluation of “household expenditures” as 
the best way to account for material and energy use patterns, 
with household consumptions being the “mirror” of the pop¬ 
ulation lifestyle (Hertwich 2005, 2011; Druckman et al. 2008; 
Druckman and Jackson 2009; Moll et al. 2005). Accordingly, 
there is a vast literature on the environmental impact assess¬ 
ment of household expenditure patterns (among which 
Lenzen and Peters 2010; Munksgaard et al. 2005; Nijdam 
et al. 2005; Wier et al. 2001), where different kinds of varia¬ 
tions have been explored: income, age, household types, etc. 
However, there is no study which explicitly highlights the 
inherent linkage between household consumption expendi¬ 
tures and labour, at least with connection to LCA. Indeed, 
the HE refers to any spending done by a person living alone, 
or by a group of people living together in shared accommo¬ 
dation with common domestic expenses (Eurostat 2008a). 
HEs are therefore used to distinguish among different types 
of human labour. We used the concept of adult equivalent 
(AD), which is an aggregate indicator for a household size, 
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adjusted to the number of persons in the household. That 
number is based on the amount of food/resources each person 
consumes within the household at country level (Eurostat- 
OECD 2006). AD scales, compared to per capita measures 
provides information on the contribution of various household 
members to the consumption behaviour of the household 
(Tedford et al. 1986). Household size is measured in AD terms 
to allow comparison of households of different sizes and 
structures, where the equivalence scale is the following: a 
weight of 1 is assigned to the household head, a weight of 
0.5 to each additional adult, and a weight of 0.3 for each child 
aged 14 or younger (Da Costa et al. 2011). These scales have 
shown to be useful tools for narrowing the difference between 
the per capita estimates and real food consumption and enable 
the comparison of data for families with different compositions 
(Claro et al. 2010). 

Three types of HL are defined in Table 2 on the basis of 
HEs per adult equivalent: (a) directors, seniors, qualified 
and intellectual workers (HL-1), technicians and clerks 
(HL-2), and manual workers (HL-3). These three types are 
founded on average HEs from three different groups 
of workers as outlined by STATEC Luxembourg (2008). 
Table 2 reports values both in Euro (reference year, 2005) 
and in percentage contribution of expenditures, along with a 
number of economic sectors that produce goods and serv¬ 
ices. The economic sectors in Table 2 correspond to those 
listed in the input-output table EU-27, and refer to the NACE 
classification (Eurostat 2008b; see Section 3.3). Since the 
original data of household expenditures refer to the COICOP 
(3-digits) commodities classification (UN Statistics Division 
2011), we have adapted the flows according to the NACE 
classification method (see Electronic Supplementary Material, 
Table SI). 

Data from STATEC (2008) in Table 2 originally referred to 
the entire household size. In order to convert those values in 
AD we applied the following formula: 

Eapps • EhpuRo ,. \ 

Ea EU Ro =-jjr- (1) 

where Ea EURO is the average HE per adult equivalent (in Euro) 
used to differentiate among HL types, Ea PPS is the average HE 
per adult equivalent in PPS (available from the Eurostat data¬ 
base Eurostat 2011), Eh EURO is the average HE per household 
in euro (available from the STATEC database; STATEC 
2008), and Eh PPS is the average HE per household in PPS 
(available from the Eurostat database; Eurostat 2011). 

Average HE per household and/or per AD among different 
countries are built through the use of comparative price levels, 
which represent the ratio between Purchasing Power Parities 
(PPPs) and market exchange rate for each country. PPPs are 
currency conversion rates that convert economic indicators 
expressed in national currencies into a common currency, 


called Purchasing Power Standard (PPS; Eurostat-OECD 
2006). This is a kind of artificial common currency (i.e. 
PPS), which allows eliminating price level differences be¬ 
tween countries or regions and calculating the real purchasing 
power of the resident population (Eurostat-OECD 2006). The 
ratio is shown in relation to the EU average (i.e. EU27= 100): 
if the index of the comparative price levels for a country is 
higher/lower than 100, the country concerned is more expen¬ 
sive/cheap as compared to the EU average (Eurostat-OECD 
2006). Prices of a basket of comparable and representative 
goods and services were collected for all considered countries 
in order to compile PPPs. For consumer products, about 3,000 
products are priced and then aggregated into a limited number 
of categories (see Table 2). In addition, prices for housing, 
investment goods (including construction services), and gov¬ 
ernment services were collected (STATEC 2008). The expen¬ 
diture expressed in PPS (or “real expenditure”) refers to an 
expenditure aggregate (e.g. GDP or actual individual con¬ 
sumption), converted to a common technical currency and a 
common price level using PPPs, which results in a set of 
comparable data across countries. For the purpose of interna¬ 
tional comparisons, if the real expenditure on, for instance, 
GDP is divided by the number of inhabitants in each country, 
the resulting real expenditure per inhabitant can be used as an 
indicator of the relative standard of living of the inhabitants of 
each country (Eurostat 2008a). Therefore, HEs expressed in 
PPS are used in this study for consistent spatial comparisons 
among different countries. Table 3 lists the typical annual HE 
per adult equivalent in PPS for the EU-27 countries and the 
relative PPP factor, as well as the functional units (in PPS/h) 
used for HL’s comparisons among countries. 

Values in Table 3 refer to the year 2005 and have been 
collected from Eurostat database sources (Eurostat 2011). 
These statistical sources also include the detailed HE per eco¬ 
nomic sector at COICOP level (UN Statistics Division 2011). 
Detailed COICOP statistics of HEs for all the considered EU 
countries are available only by household and not per AD. The 
framework of Luxembourg could be possibly adapted to the 
other European countries to differentiate among labours. Table 2 
shows the percentage of variation from the average HE of each 
HL type, calculated for all the economic sectors. One could 
assume that the variations among labour types observed in 
Luxembourg are pertinent also for all the other European 
countries and therefore apply these differences to the average 
HEs per AD of Table 3. However, a comparison of LCIA 
results for different countries was performed only for one 
generic type of labour (identified by the AD framework in 
Table 3). The percent distribution of HEs from COICOP tables 
by household was adapted to the AD framework and then 
expenditures adjusted to the NACE classification (see the Elec¬ 
tronic Supplementary Material, Tables SI and S2). 

Figure 2 shows the HE of the AD in Europe (reference 
year: 2005), which mostly focuses its expenditures (-55%) 
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for housing needs (e.g. water, electricity, heating, etc.), food, 
and transport. These relative contributions can fluctuate 
considerably between countries (Eurostat 2011). It therefore 
becomes important to evaluate the environmental impact 
difference due to each country-based HE variability. 

3.3 Background life cycle inventory data and case studies 

Since the foreground LCI data of HL’s product system consist 
of HEs in the different economic sectors, the use of Environ¬ 
mentally Extended Input-Output Tables (EEIOTs) of EU-27, 
year 2005 (i.e. EEIOT EU2 7 ), as implemented in SimaPro, is 
quite straightforward (Weidema et al. 2005). The use of a 
process based LCI, such as Ecoinvent, would be unfeasible 
due to the large amount of process-specific primary datasets 
that should be adapted to the different economic sectors. The 
IO database is the output of a Leontief-type environmentally 
extended, physical input-output model covering the EU-27. 
This model includes raw material extraction and processing of 
imported materials and waste treatment (Tukker et al. 2006). 
The benefits of using EEIO tables have been extensively 
discussed during the last decade (Suh and Huppes 2002; Suh 
and Huppes 2005; Mongelli et al. 2005; Suh and Nakamura 
2007). EEIOT EU 27 expresses transactions in Euro, therefore it 
was modified to model production and export of the commod¬ 
ities used by “adult equivalents” that do work. EEIOT EU2 7 
is originally composed by a 60><60 IOT with aggregated 
extensions of direct and indirect raw materials uses (e.g. cmde 
oil, gas, coal, sand and gravel, iron), emissions in air, soil and 
water, and land occupation. To model the import of commod¬ 
ities, we adopted the EEIOT of USA, year 2005 (i.e. EEIO- 
T USA ), which is derived from a more detailed 480x480 IOT 
(Suh 2003). 

The environmental extensions (EEs) included in the EEIOTs 
provide the necessary data per unit value (Euro or PPS) of 
economic sectors for the LCLA of HL. The EEs is directly 
related to a set of 35 goods and services as listed in Table 2. 
This set of commodities refers to the basket of household 
expenditures found in the statistical tables, which was manually 
built in SimaPro adopting the NACE classification code (see 
the Electronic Supplementary Material, Table SI). 


4 Step II: LCIA of human labour 

4.1 Environmental profiles of human labour types 

Figure 3 compares the LCIA results calculated for the three 
types of HL in Luxembourg, based on the framework in 
Table 2. Midpoint characterization factors from ReCiPe meth¬ 
od were used (see Table 1). The percentage values in Fig. 3 are 
related to the functional units of HL in euro/hour as described 
in Section 3.2 (see Electronic Supplementary Material—Table 
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Table 3 Average annual HE 
per adult equivalent (in PPS/year 
2005) and correspondent PPP 
factors for the EU-27 countries; 
the functional units (in PPS/h) 
are calculated with a 22% 
allocation factor 
(refer to Section 3.1) 


Country 

Purchasing power 
standard (PPS/year) 

Purchasing power 
parity (PPP) 

Functional unit (PPS/h) 

Austria 

19344 

1.06 

0.48 

Belgium 

18831 

1.09 

0.47 

Bulgaria 

4213 

0.74 

0.11 

Cyprus 

17094 

0.9 

0.43 

Czech Republic 

6520 

16.06 

0.16 

Denmark 

16199 

10.86 

0.41 

Estonia 

6531 

9.15 

0.16 

Finland 

16082 

1.23 

0.40 

France 

17523 

1.09 

0.44 

Germany 

18952 

1.03 

0.47 

Greece 

17391 

0.87 

0.44 

Hungary 

6241 

146.67 

0.16 

Ireland 

20583 

1.24 

0.51 

Italy 

17663 

1.07 

0.44 

Latvia 

5316 

0.36 

0.13 

Lithuania 

5892 

1.69 

0.15 

Luxembourg 

32794 

1.23 

0.82 

Malta 

15108 

0.69 

0.38 

Netherlands 

19018 

1.06 

0.48 

Poland 

5817 

2.2 

0.15 

Portugal 

11674 

0.84 

0.29 

Romania 

2866 

1.72 

0.07 

Slovakia 

6517 

0.64 

0.16 

Slovenia 

13299 

0.75 

0.33 

Spain 

13940 

0.91 

0.35 

Sweden 

17414 

11.48 

0.44 

United Kingdom 

20047 

0.76 

0.50 

EU-27 

15225 

1.00 

0.38 


S4 for absolute values). To illustrate the differences between 
HL types, we compared the results of the LCIA indicators, 
expressed in percentage, to the ratios between the reference 
functional units expressed in Table 2, i.e. 1.20 €/h in HL-1, 
1.02 €/h in HL-2, and 0.87 €/h in HL-3 to which the 100%, 


85%, and 73% were, respectively, assigned (see bars on 
“reference” in Fig. 3). 

The impact of HL-3 increased relatively to the “reference” 
along with all LCIA indicators, i.e. from a minimum of 1% in 
the urban land occupation (ULO) to a maximum of 12% in 


Miscellaneous goods and services 
Restaurants and hotels 
Education 
Recreation and culture 
Communications 
Transport 
Health 

Furnishings, household equipment and routine mainten. 

Housing, water, electricity, gas and other fuels 

Clothing and footwear 
Alcoholic beverages, tobacco and narcotics 
Food and non-alcoholic beverages 



0% 5% 10% 15% 20% 25% 30% 


Relative contribution to the total consumption expenditures 


Fig. 2 Household expenditures distribution per adult equivalent in Europe-27 (year 2005, data source: Eurostat 201 1); COICOP classification 1-digit for 
economic sectors is used 
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Fig. 3 Percentage comparison 
of the three human labour 
(HL) types in Luxembourg 
based on ReCiPe midpoint 
results and “reference” 
functional unit (in Euro/h) 
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fossil depletion (FD). In contrast, the impact of HL-2 substan¬ 
tially increased (between 8% and 12%) only for human tox¬ 
icity (HT) and metal and fossil depletion potentials (MD and 
FD, respectively). It can be argued that workers of HL-1 spend 
(relatively) more money on household expenditures that gen¬ 
erate (directly and indirectly) lower environmental impacts, 
such as “real estate services”, whereas workers of HL-2 and, 
in particular, HL-3, spend less money overall and what they 
spend was on goods and services that provide higher 
impacts, e.g. “food products and beverages”. However, 
on an absolute scale HL-1 always showed greater envi¬ 
ronmental impact than HL-2 and HL-3 (see Table S4 of 
the Electronic Supplementary Material). For example, 
1 h of work in HL-1 may generate 0.52 kg C0 2 -eq, 
whereas, under the same conditions, HL-2 and HL-3 then 
generate 0.46 and 0.41 kg C0 2 -eq, respectively. 

The relative contribution of HE sectors to (a) ULO and (b) 
FD is illustrated in Fig. 4. These two categories were taken as 
illustrative example to investigate the differences in HEs be¬ 
tween the three types of HL. Indeed, FD and ULO were among 


the indicators with the highest and the lowest, respectively, 
variation from the “reference” (see Fig. 3). 

The contribution of the economic sectors changed over the 
HLs types. For example, HL-3 showed higher relative contri¬ 
butions for the US sector of “agricultural, forestry and fishery 
services” in the ULO category than HL-1 and HL-2 (see 
Fig. 4a). ULO was more related to the HE for food than for 
other categories such as “other amusement and recreation 
services” or “freight forwarders and other transportation serv¬ 
ices” (see Fig. 4a). HL-3 has therefore a higher relative impact 
to ULO because of the higher consumption of food compared 
to HL-1 and HL-2. Furthermore, Fig. 4a highlights that the 
indirect contribution of imports (i.e. commodities from USA) 
to ULO was dominant for most of the goods and services 
consumed. HL-3 contained a higher relative contribution than 
HL-1 and HL-2 in the FD category for the European sectors 
“crude petroleum and natural gas” and “coal, lignite, peat”. In 
general, the EEs for these sectors inventory more resources in 
the EEIOT EU27 than in the EEIOT USA (see Fig. 4b). This can 
also explain why the relative impact of HL-3 increased when 


iHL-1 nHL-2 [JHL-3 


(a) (b) 



services, USA 


Fig. 4 Relative contribution of HE sectors to a urban land occupation (ULO) and b fossil depletion (FD) results, for the three HL types in 
Luxembourg (3% cut-off) 
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CC 

OD HT 

POF 

PMF 

TA 

FE 

ME 

TET 

FET 

MET 

ALO 

ULO 

MR I) 

FD 

Mean 

contribution 

SD(±) 

Reference 
(PPS/hr) 

Belgium 

57% 

50% 

47% 

55% 

57% 

60% 

57% 

59% 

57% 

57% 

52% 

61% 

56% 

42% 

59% 

55% 

5% 

57% 

Bulgaria 

25% 

14% 

14% 

20% 

24% 

27% 

24% 

25% 

24% 

24% 

20% 

28% 

21% 

9% 

24% 

21% 

5% 

13% 

Denmark 

75% 

50% 

57% 

67% 

65% 

69% 

58% 

64% 

55% 

58% 

56% 

57% 

57% 

46% 

65% 

60% 

8% 

49% 

Estonia 

30% 

21% 

20% 

27% 

30% 

32% 

29% 

30% 

29% 

29% 

25% 

32% 

27% 

16% 

27% 

27% 

5% 

20% 

Finland 

55% 

46% 

48% 

53% 

54% 

56% 

50% 

55% 

50% 

50% 

49% 

53% 

54% 

45% 

47% 

51% 

3% 

49% 

France 

64% 

54% 

53% 

61% 

63% 

65% 

59% 

61% 

60% 

59% 

56% 

63% 

60% 

50% 

62% 

59% 

4% 

53% 

Greece 

59% 

55% 

48% 

57% 

66% 

68% 

75% 

70% 

75% 

76% 

66% 

83% 

68% 

42% 

54% 

64% 

11% 

53% 

Ireland 

71% 

65% 

60% 

67% 

74% 

76% 

78% 

78% 

78% 

78% 

71% 

84% 

74% 

56% 

70% 

72% 

7% 

63% 

Italy 

62% 

52% 

46% 

59% 

66% 

71% 

68% 

71% 

69% 

68% 

60% 

75% 

63% 

40% 

64% 

62% 

10% 

54% 

Lithuania 

33% 

23% 

20% 

29% 

35% 

38% 

36% 

37% 

36% 

36% 

30% 

42% 

32% 

14% 

29% 

31% 

8% 

18% 

Luxembourg 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

0% 

100% 

Malta 

62% 

64% 

57% 

61% 

69% 

71% 

74% 

72% 

76% 

74% 

69% 

83% 

73% 

56% 

46% 

67% 

10% 

46% 

Slovenia 

54% 

43% 

43% 

49% 

53% 

55% 

53% 

54% 

53% 

53% 

49% 

56% 

50% 

39% 

60% 

51% 

6% 

41% 

Spain 

45% 

39% 

35% 

43% 

51% 

54% 

57% 

55% 

58% 

57% 

49% 

64% 

52% 

31% 

38% 

49% 

10% 

43% 

United Kingdom 

58% 

53% 

52% 

58% 

60% 

60% 

58% 

60% 

60% 

58% 

56% 

63% 

61% 

50% 

54% 

58% 

4% 

61% 


Fig. 5 LCIA results (ReCiPe midpoint, Europe H, see Table 1 for 
acronyms) as compared to the reference functional unit (in PPS/h) of 
each average human labour within a sample of 15 out of the EU-27 

compared to the ratios of reference among functional units as 
aforementioned (see Fig. 3). 

4.2 Human labour in European countries 

Figure 5 shows the LCIA results of the average HL for 15 out 
of the EU-27 countries analysed. These were selected among 
the most complete in terms of HEs as evaluated by Eurostat 
for the year 2005 (Eurostat 2011; see also the Electronic 
Supplementary Material, Table S2). The relative contributions 
are shown instead of absolute values in order to illustrate the 
spatial and behavioural differences of HL among the 15 
countries. Results are expressed in percent with respect to 
Luxembourg, which always showed the highest values and 
are compared to the correspondent reference functional units 
(in PPS/h, see Table 3). 

The greatest values for the HL in Luxembourg were mainly 
due to an overall relatively different behaviour in consumption 
expenditures to those of the other countries. More specifically, 
the “adult equivalent” in Luxembourg gave more weight than 
other countries to the sectors of “real estate services”, “hotel 
and restaurant”, and “manufacture of motor vehicles, trailers” 
rather than to the sector of “food product and beverages” (see 
Electronic Supplementary Material, Table S5). Furthermore, 
the money spent (in PPS) per hour of work in Luxembourg 
were greater than in other countries and were often more than 
double (see functional unit in Table 3). 

The standard deviation of the percentage scores showed a 
greater variability for Greece, Italy, Malta, and Spain (SD> 
10%). For these countries, a significant increase of the 


countries analysed; the relative contributions relate to the highest values 
recorded for the Fuxembourg case, to which the 100% is assigned 


relative impact for the category ALO was observed, which 
depends on the indirect production and import of food 
products. When examining the countries with the lowest 
functional unit (see column “reference”), e.g. Bulgaria 
and Lithuania, a large increase in the relative impact of 
many categories was evident. However, the HL in Malta 
showed the highest deviation from the functional unit, in 
particular with regard to the ecotoxicity (i.e. TET, FET, 
MET) and eutrophication (i.e. FE, ME) potentials, which 
mainly originate from the life cycle of agricultural products 
in Europe. 

The contribution of the HE sectors to the different HL 
systems, per country, was analysed in detail. Figure 6 shows 
4 out of the 15 LCIA indicators calculated (CC, FD, HT, and 
ALO), while the complete set of results is reported in the 
Electronic Supplementary Material (Fig. SI). The results in 
Fig. 6 show that significant differences did exist among the 15 
countries. For example, while in Denmark (DK) and Estonia 
(EE) the contribution of HL to climate change (CC) was 
mainly due to the consumption of “electricity, gas, steam 
and hot water, EU27”, in the other countries it was due to 
many minor contributions of goods and services included in 
the category “remaining processes” (i.e. set of sectors with 
individual contribution <2%). The highest contribution of the 
category “remaining processes” in all countries (>29%) was 
observed for the LCIA category HT. Opposite results were 
observed for the other two LCIA categories represented in 
Fig. 6. Only a few of HEs contributed to the overall impact: 
the consumption of “crude oil and natural gas” (from US 
import and produced within Europe) mostly caused fossil 
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Climate change (CC) 

-♦-Remaining processes -»-Electricity, gas, steam and hot water, EU27 

-♦-Agricultural products, EU27 -*-Coal, lignite, peat, EU27 

-*-Crude petroleum and natural gas, USA -*-Food products and beverages, EU27 

Chemical products and man-made fibres, EU27 — Electric services (utilities), USA 



Fossil depletion (FD) 


-♦-Remaining processes -»-Crude petroleum and natural gas, USA 

-♦-Coal, lignite, peat, EU27 -*-Crude petroleum and natural gas, EU27 

Coal, USA 



Fig. 6 Contribution of the household expenditures to the average HL 
in 15/EU-27 countries in four LCIA indicators (ReCiPe midpoint, 
Europe H); data refer to PPS/h per adult equivalent; a cut-off of 2% 


Human toxicity (HTl 

-♦-Remaining processes -»-Electricity, gas, steam and hot water, EU27 

-♦-Basic metals, EU27 -*-Chemical products and man-made fibres, EU27 

-♦-Industrial inorganic and organic chemicals, USA-»-Primary nonferrous metals, n.e.c., USA 
^-Coal, lignite, peat, EU27 —Sanitation, sewage and refuse disposal, EU27 

— Food products and beverages, EU27 -♦-Coal, USA 

Nonferrous metal ores, except copper, USA -*-Blast furnaces and steel mills, USA 
Primary smelting and refining of copper, USA 



Agricultural land occupation (ALO) 


-♦-Remaining processes -»-Meat animals, USA -♦-Food grains, USA 

-♦-Feed grains, USA -*-Dairy farm products, USA -»-Poultry and eggs, USA 

Miscellaneous livestock, USA —Cotton, USA 



has been applied; refer to Table S3 of the Electronic supplementary 
material for the country names and codes (ISO 3166-1) 


depletion, and the production of “meat animals”, “food grains”, 
and “feed grains” (in USA), contributed to the impact on 
agricultural land occupation. 

These different contribution patterns could be explained by 
the fact that EEs include more emission than resource elemen¬ 
tary flows. Consequently, some goods and services of (appar¬ 
ently) minor importance for household needs may have 
assigned a greater impact for emission-related LCIA categories 
(e.g. CC and HT) rather than for resource-related categories 
(e.g. FD and ALO) since they include a more comprehensive 
set of direct and indirect process emissions (see also Fig. SI in 
the Electronic Supplementary Material). 

5 Step III: application of the HL accounting framework 
to case studies 

5.1 Case studies 

Ten case studies were selected from the literature on eMergy 
(Brandt-Williams 2002; Paoli et al. 2008; Pulselli et al. 2008; 
Vassallo et al. 2009; Pulselli et al. 2011; Ciotola et al. 2011) 
according to the quality and completeness of the inventory 
data. Emergy is an environmental accounting method that has 
historically tackled the assessment of the contribution of HL 
in the overall assessment of products and processes. The 
inventory phase in an eMergy evaluation is similar to an 
LCI at the foreground level (Ulgiati et al. 2006; Rugani et al. 
2011). Inventory data on HL taken from five cases of 


industrial production (i.e. cement, tap water, wastewater treat¬ 
ment, photovoltaic module, and biogas) and five cases of agri¬ 
food production (i.e. potatoes, sugarcane, soybeans, cotton, 
and com-grain cultivations) were added to corresponding 
unit processes collected from the Ecoinvent database v2.2 
(Ecoinvent 2010), as illustrated in Table 4, to obtain consistent 
LCI models. The contribution of HL was then quantified 
by applying the methodological framework illustrated in 
Section 3 (IOT-based database) coupled to the rest of the 
inventory (Ecoinvent-based) to obtain a hybrid LCI (Crawford 
2008; Fig. 7). 

HL input data collected in working hours were first con¬ 
verted to Euro. The conversion from hours to Euro was per¬ 
formed using the factor 1.03 €/h, which relates to the functional 
unit of the “Luxembourgish (adult-eq.)” human labour (see 
Table 2). The Luxembourg’s average EE-IO profile was used 
because of the lack of information provided by the eMergy 
studies, where only total working hours were available without 
any specification about the work skills. The Ecoinvent datasets 
used for non-HL-related inventory data are representative of the 
Swiss/European (for the industrial processes) and USA/Brazil 
(for the agri-food processes) conditions (see Table 4), instead 
data for HL refers to mixed conditions (e.g. USA, Italy) which 
are often not clearly reported. For a preliminary assessment of 
HL, it is assumed that this geographical inconsistency does not 
significantly affect the comparison between HL and non-HL 
contributions to LCIA results. Finally, it must be pointed out 
that the functional unit of human labour in Luxembourg is the 
highest (between 38% to 91% in terms of PPS/h) among the 
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Table 4 Overview on the implementation of human labour in the case studies selected from the eMergy literature 
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Fig. 7 Framework developed 
in this study for hybrid 
LCA including human 
labour 



European countries (see the Electronic Supplementary Materi¬ 
al, Table S2). Therefore, it is likely that the use of this EE-IO 
profile will provide the highest possible results. 

5.2 LCIA results from the hybrid analysis 

Figure 8 compares the relative average HL contribution to the 
total environmental impact (per impact category) of the two 
set of LCA case studies (i.e. average scores of, respectively, 5 
industrial and 5 agri-food processes as illustrated in Table 4). 
The assessment results show that human labour significantly 
contributed to the total impact on several categories, both in 
industrial and agri-food production sectors. For example, 
quite high contributions (between 9% and 20%) were ob¬ 
served for OD, FD, ALO, and TET (see Fig. 8). 

Results also show that, on average, the HL contribution 
within the agri-food sector was larger than within the indus¬ 
trial sector for most of the impact categories, ranging between 
0.4% (i.e. ME) to 10.5% (i.e. OD). Exceptions were found for 



□ Rest of input processes 
■ Human labor (INDUSTRIAL processes) 


Fig. 8 Relative average contribution of human labour to the total envi¬ 
ronmental impact calculated (ReCiPe midpoint categories, see Table 1); 
the average contribution is calculated from the relative contributions of 


three impact categories, i.e. FET, ALO, and TET, where the 
HL contribution within the industrial sector was higher. 

The relative contribution calculated for each individual 
case study is reported in Table S6 of the Electronic Supple¬ 
mentary Material. Concerning the industrial sector, the cement 
production and the tap water distribution processes showed 
the lowest contributions of the human labour to the overall set 
of impact categories (<1.1%), while the highest contributions 
were found for biogas production (with 49% on TET and 43% 
on FD). Some interesting values are also observed for the case 
of wastewater treatment, where HL contributes by more than 
10% to OD and FD, and up to 35% to the ALO. 

Conversely to the industrial processes, results for the 
agri-food sector were rather homogeneous, mostly because 
of the data source used, which considered similar agricul¬ 
tural practices and inventory data (see Table 4). For exam¬ 
ple, all the impact categories of ecotoxicity, eutrophication, 
and agricultural land occupation were not significantly af¬ 
fected by HL (contributions <1%, with very few exceptions, 



□ Rest of input processes 
■ Human labor (AGRI-FOOD processes) 


the “Luxembourgish” human labour (average profile, see Table 2) imple¬ 
mented for a 5 industrial case studies and b 5 agri-food case studies, as 
illustrated in Table 4 
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see Table S6 in the Electronic Supplementary Material), 
whereas those impacts were likely to depend more on other 
inputs such as the use of fertilizers. Other categories like 
FD, MD, CC, PMF, and OD, which may be more related to 
the HL system boundaries (e.g. food production and supply, 
use of fuels, etc.), showed much higher values of HL con¬ 
tributions (between 2% and 25% among all the five case 
studies). The highest values were found for soybeans produc¬ 
tion (up to 34% to the OD and FD). 

6 Discussion 

This paper provides a methodological framework to account 
for human labour in LCA and an application in several case 
studies. Different human labour types were set by including 
direct inputs of purchased goods and services necessary for 
human activity purposes, such as food and drinks, water for 
non-drinking uses, means of transport, clothes, household and 
energy consumptions, and so forth. Inventory models based 
on an environmentally extended input-output database (EU- 
27) were built and coupled to process based LCIs of industrial 
and agri-food products. Results showed that the contribution 
of human labour in the LCA of these products must not be 
neglected, since the results obtained are relevant for some 
environmental impact categories such as fossil and ozone 
depletions. 

While the outcomes of the study put new light on the issue 
of environmental impact due to humans working activity, both 
methodological and conceptual aspects of the present research 
need to be further discussed. Despite the fact that the results do 
confirm the added value obtained by including human labour 
in LCA, several limitations and constraints exist, mostly due 
to data and models used. 

The quality of the results depends on the number and type of 
working hours considered. This data comes from past eMergy 
evaluation studies (see Table 4). Those studies were selected 
because of their remarkable completeness in the inventory of 
process inputs, which is normally a critical aspect for eMergy 
(Hau and Bakshi 2004). However, in eMergy a differentiation 
of HL in terms of knowledge (e.g. different classes by educa¬ 
tion; Odum 1988) or work typology (e.g. manual and intellec¬ 
tual workers; Ortega 1997) is usually provided. Despite these 
features, which make eMergy one of the most straightforward 
and preeminent methods to evaluate HL, the selected sources 
included only an “undefined” type of human labour within their 
eMergy evaluation tables (see Section 5.1). This is certainly a 
restriction to the specificity and representativeness of the case 
studies, which should be overcome at the level of LCI process 
data collection. 

A major limitation dealt with a truncation error associated 
with the completeness of the system boundary, since the inputs 
of HL were only implemented at the foreground level in the 


case studies. Results obtained using an LCI database (or an 
EEIO model) including labour at the background level (each 
product or industry sector, as illustrated by the broken flow in 
Fig. 7) would increase the impact of HL even further beyond 
the magnitude established by this study, which would be evi¬ 
dence for this kind of truncation error. In this connection, we 
have attempted to account for HL also at higher levels of the 
economy, i.e. upstream in the 10 sectors of the EU-27 frame¬ 
work used in this study. We accounted for the human labour 
input in the production of the commodities directly and indi¬ 
rectly consumed by the human labour input required to produce 
the ten products (see Table 4). As a result, the total environ¬ 
mental impacts (see Fig. 8 and Table S6 in the Electronic 
Supplementary Material) is increased by maximum 2% (see 
Tables S7 and S8 in the Electronic Supplementary Material for 
further details), which is inherently a negligible contribution. 
This approach is conceptually similar to other approaches 
adopted in literature (e.g. Lenzen and Treloar, 2003), in so far 
enabling to conclude that not only first-order but also higher- 
order requirements of human labour shall be incorporated in 
the LCI boundaries to properly evaluate the feedback and 
multiplier contribution for different stressors that may lie with¬ 
in different production layers. Therefore, for the completeness 
of our hybrid framework and for its future application and 
improvement, including HL inputs within the entire database 
of LCI processes (e.g. Ecoinvent) would be recommended, 
along with process-specific differentiations of labour. 

The consistency of the EEIO models is another issue to 
investigate for further developments of the methodology. As 
already pointed out (Heijungs and Suh 2006; Rowley et al. 
2009), the use of IO models may lead to several assumptions 
and limitations, including: uncertainties in the aggregation of 
goods and services due to the variability of industry classifi¬ 
cation schemes; generalization in the assignment of environ¬ 
mental burdens (i.e. impacts arising abroad from the 
production of imports are identical to those generated by 
equivalent domestic production); misallocation of environ¬ 
mental impacts when, under the industry-technology assump¬ 
tion, each industry that produces more than one product is 
generally assumed to produce only one homogeneous product 
(i.e. all products within a certain sector finally show the same 
environmental impact per unit of currency); and uncertainties 
due to the large variability of production technologies in the 
national datasets adopted. Other criticisms can be attributed to 
the EE inventories, which were fairly incomplete for this 
analysis. Indeed, only iron, aluminum, sand, and gravel, two 
generic kinds of land (i.e. industrial and agricultural), and 
fossil fuels such as oil, coal, and gas were considered, while 
several other minerals and metals used, e.g. for infrastmctures, 
or additional occupied/transformed land types, all water con¬ 
sumptions, and all inputs of biomass and renewable energy 
carrier exploited, e.g. for electricity and heat generation, are 
not included within the list of raw materials of the EEs 
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adopted. Furthermore, wastes and end-of-life processes have 
not been assessed in our 10 models, leaving out the consider¬ 
ation of the related meaningful environmental burdens (e.g. 
wastewater and body excretions treatments, infrastructure 
dismantling, etc.; Munoz et al. 2008; Munoz et al. 2010). 
The exclusion of all these resources and processes from the 
inventory may have led to the underestimation of HL contri¬ 
bution to the environmental impact. The relevance of waste 
treatment phases in LCA and IO is undoubtedly high (Lin 
2009; Nakamura and Kondo 2002; Kondo and Nakamura 
2004) and those processes should definitively be addressed 
in a further refinement of the present calculation approach. 
Accordingly, new detailed EEIOTs that will be available in the 
near future (EXIOPOL 2011) should be integrated within the 
present framework. 

Finally, we do recognize that the representativeness of the 
HL types can be questionable as well. Indeed, only three 
main labour types were set based on country average life¬ 
styles (i.e. household expenditures of Luxembourg). In our 
point of view, however, this was the best way to provide an 
extensive characterization of the human labour while en¬ 
abling comparison among different EU countries through 
PPS values. 


7 Conclusions and outlook 

The outcomes of this work can provide significant improve¬ 
ments to the LCA methodology from both a conceptual and a 
technical point of view. Indeed, quantifying the contribution 
of HL like a conventional flow, product, or resource makes the 
perception of humans as leading actors of environmental 
impact, with explicit responsibility for their actions. Further¬ 
more, though for many technological production chains the 
physical HL contribution could be negligible (at least when 
compared with that of machineries; Pimentel 1993; Zhang and 
Domfeld 2007), there might be cases where human work 
essential and largely contributes to the life cycle impact (e.g. 
handmade manufacturing processes or most of agricultural 
productions). Apart from the physical entity of this contribu¬ 
tion, what is important to note is the inherent conceptual 
mistake that occurs if neglecting (as is done now) an input 
(i.e. the human labour) from a process that would not exist in 
the reality without that input: an eco-profile of human labour 
should always be added to life cycle models that entail a direct 
human contribution. 

Despite the limitations detailed in Section 6, results 
from this study suggest several lines of reasoning on the 
importance of HL for LCA, which could influence future 
developments: 

1) The addition of human labour in the LCI of a product or 
process can improve the accuracy of the whole analysis, 


since its contribution to the overall LCIA could be 
significant. So far, the methodological framework here 
presented can be used for a future implementation of 
human labour at a level of unit process in LCA (e.g. 
within the Ecoinvent database). The inclusion of the 
“background” requirements of HL in the EEIO models 
(thus accounting for higher-layers’ effects) is recom¬ 
mended to increase the consistency of the entire system 
boundary. Indeed, only the direct and indirect effects 
resulting from initial changes in the economic output 
are usually considered, which have impact at the fore¬ 
ground and in the backward-linked sectors, respective¬ 
ly. However, several studies recognize the relevance of 
a third or “induced” effect (included in the so called 
type-II multiplier in IO), which may occur when house¬ 
holds spend some of their additional income (derived by 
the direct and indirect effect) on goods and services in¬ 
creasing the multiplier effect (e.g. Miller 1980; Lenzen 
and Schaeffer 2004). An operational use of this multiplier 
IO technique for hybrid LCA including labour was be¬ 
yond the scope of this paper but should be further explored 
to describe the “hidden” human labour interconnections 
among infinite supply-chains. 

2) By using a hybrid approach, possible double counting 
with non-human (i.e. machine driven) labour is easily 
avoided, since all processes required to produce and 
operate the machineries are already included in the 
process-LCA, while the EEIO model with household 
expenditures covers only the direct inputs from human 
needs; we advocate that the use of HEs instead of salary 
or income quantities remains the recommended imple¬ 
mentation and an added value to account for the impact 
of human labour using EEIO models. Though data on 
income can be extensively available in IO models, 
accounting for human consumption behaviours through 
the earnings as a total appears to produce incorrect 
results, since the wage could not be completely spent 
for the worker’s consumptions. 

3) The evaluation of HL using an LCA approach allows 
identifying opportunities to reduce the environmental 
impact along with the most critical processes of the hu¬ 
man life cycle, such as alternative strategies in food 
supply or in the usage of transport means. 

4) Considering HL as a part of a product system helps to 
reduce the distance between biosphere and technosphere, 
since humans are put at the same level of the technolog- 
ical/economic activities. In addition, the evaluation of HL 
within the technosphere leads to a significant conceptual 
shift from a mere utilitarian and anthropocentric perspec¬ 
tive to a more ecology-oriented one, where humans not 
only pay for the ecosystem services/resources they use 
and emissions/wastes they release, but are direct cause 
for, and components of the affected environment. 
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5) The human labour is intrinsically linked to the econom¬ 
ic and social aspects of a life cycle. So far, additional 
cost and social/organizational data of HL might be 
integrated in LCIs to provide useful information and 
an added value for more comprehensive assessment of 
the real life cycle cost (e.g. through addition of salaries 
and wages to the Life Cycle Costing analysis) or social 
quality factors of labour (e.g. through implementation of 
further labour impact categories in the SLCA) associated 
to a production chain. 

6) Here, only physical flows of material and energy require¬ 
ments were included in the evaluation of HL. However, 
humans are not machineries and they are driven by flows 
of information, knowledge, educational and cultural ex¬ 
perience, and so forth. These are essential items for our 
future sustainable development that should definitively be 
integrated into human labour LCI profiles, which remains 
an open task. 
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